Introduction
Human factors (HF) can be defined as understanding human behaviour in purposeful interacting systems and the application of that understanding in the context of the real setting (Wilson, 2000) . This systems-oriented perspective (Wilson, 2014) highlights the interaction of people and environments and provides an interdisciplinary and multidisciplinary theoretical understanding of such interactions (Wilson, 2000) .
Within patient safety these principles are widely used to analyse system errors within surgery (Catchpole et al, 2008) , medical device design (Lin et al, 2001) as well as developing conceptual frameworks to guide nurses' workload (Carayon and Gurses, 2005) . The aim of an HF approach is to ensure something is fit for purpose (FFP) thereby enhancing efficiency and safety.
A key area of patient safety is hand hygiene, empirically proven to prevent cross-transmission of infection (e.g. Bauer et al, 1990; El Shafie et al, 2003) . This has led to the development of the evidence-based WHO 5 Moments for hand hygiene (Sax et al, 2007) . These guidelines have been established as a successful, user-centered and evidence-based approach for considering hand hygiene within a patient care scenario (Sax et al, 2012) . Hand hygiene is recommended at five specific moments to prevent cross-transmission of contamination, reducing risk of healthcare associated infection.
The current gold standard for measuring hand hygiene compliance is direct observation (WHO, 2009) . However this is resource intensive and can lead to changes in healthcare professional behaviour (e.g. Eckmanns et al, 2006; Kohli et al, 2009 ). Feedback of compliance data has been shown to improve hand hygiene performance, for example using purpose designed audit tools (e.g. Health Protection Scotland, 2009) and with multi-modal interventions (e.g. Pessoa-Silva et al, 2007; Pittet et al, 2000) . Development of technology to assist in measuring hand hygiene compliance (e.g. video surveillance; Ghosh et al, 2012; RFID systems; Sahud et al, 2012; ABHR sensing badges; Edmond et al, 2010) appears to offer an alternative to observation; however questions arise about their FFP.
Review process
The matrix was developed to allow each technology to be rated on specific aspects of FFP: ability to monitor, measure and provide feedback around each of the WHO 5 Moments. These FFP capabilities were chosen to represent functions that would be required to provide an effective, reliable and potential alternative to direct observation.
A scorecard approach was used for analysis. Each technology scored '1' per capability it could achieve, the maximum score being '8' and the minimum score being '0'. Assessment of technologies identified through the database review was carried out independently by two reviewers, using the criteria and guidance notes provided in the matrix (Figure 1 ).
If a technology explicitly mentioned being able to detect hand hygiene it scored a '1' for monitoring. Being able to provide data about the hand hygiene, including frequency, showed the capability to measure and provide feedback. To achieve a '1' for each of the WHO 5 Moments a technology had to demonstrate the ability to detect hand hygiene at clinical activities representing these Moments. In accordance with Boyce (2011) room entry and exit were considered a proxy measure for Moments 1, 4 and 5, if they offered potential for detection to be narrowed to the Patient Zone. Technologies that were based on 'fixed' areas, such as communal taps, were deemed unable to offer potential to detect Moments 1, 4 and 5. After the initial review eight discrepancies between reviewer scores were recorded. These were resolved through discussion and joint review, based on the FFP guidance notes and criteria. This clarified the term feedback to ensure Peer reviewed article both reviewers scored a '1' for technologies providing real-time feedback (e.g. visual/audial prompts) as well as for those providing recorded data.
Results
The review from the six databases returned 193 articles, 178 were rejected as duplicates or as non-relevant (e.g. technology and/or hand hygiene not being the subject of the paper; being systematic review papers). Reviewers examined the remaining 15 articles for relevance: five were rejected due to non-relevance. A total of 10 articles, published between 2009 and 2012, were retained for full analysis, containing reference to seven unique technologies. Additional searching in January 2013, using Google and consultation with experts, led to 12 further technologies being identified and reviewed ( Figure 2 ). These technologies featured in articles published between 2010 and 2012, or on websites updated during 2012. The review highlighted 19 unique technologies relating to hand hygiene measurement within health care. The application of the matrix scorecard found none were fully FFP in their ability to monitor, measure and provide feedback at all the WHO 5 Moments (Table 2) .
Discussion
The 19 technologies revealed by this review were diverse in nature (Table 3) . Technology mechanisms for monitoring included RFID, infrared detection, wireless networks and video monitoring. The majority (n=10) employed a 'badge' system worn by healthcare professionals, of which half could provide 'prompts' to perform hand hygiene when required by system rules (e.g. room entry/exit, entering Patient Zone). For the majority (n=12) details regarding technical specification, system capabilities and testing were limited, perhaps due to Intellectual Property concerns.
Technology monitoring at Moments 2 and 3
Moment 2 requires hand hygiene to be performed 'Before Clean/ Aseptic Procedure'. Therefore any technology must be able to predict the imminent occurrence of a clinical activity requiring hand hygiene at this Moment in order to capture behaviour, and/or deliver any necessary 'prompt'. Currently such behavior-predicting technologies do not exist, and may never be a feasible option for the clinical environment. Should such innovations occur the question of whether healthcare professionals would engage with 'mind-reading' technologies is doubtful, considering existing hesitancy towards current hand hygiene technologies (Ellingson et al, 2011; Dawson, 2014) .
Moment 3 requires hand hygiene to be performed 'After Body Fluid exposure risk'. Various patient care duties may characterise Moment 3 including interaction with bodily fluids. Crucially these do not have to involve the visible soiling of hands (Sax et al, 2007) . Therefore technologies able to detect the physical presence of fluids (e.g. fluid sensors) would not be sufficient. It is the risk of hand contamination that is the driver behind Moment 3, rather than only being applied to situations where physical soiling has occurred. The challenge for technology is the detection of such a risk having occurred.
Further focus from technology developers surrounding these two Moments may be futile, while direct observation continues to provide a suitable alternative. Indeed, Boyce (2011) concurs with the output of this review, suggesting that technology, with further work, offers most potential for Moments 1, 4 and 5.
Technology monitoring at Moments 1, 4 and 5
Of the 19 technologies three were able to detect Moments 1, 4 and 5 ( Peer reviewed article based at a room entry/exit level, rather than specifically around the conceptual Patient Zone (8:6 ratio).
Technology monitoring at Moment 5
No technologies made reference to the ability to measure/detect Moment 5. However, three technologies have the potential capability to track healthcare professional activities within the Patient Zone. Therefore, it was determined that inferences about potential 'Contact with Patient Environment' could be drawn from hand hygiene data collected. Based on environmental contamination evidence (Bhalla et al, 2004; Otter et al, 2006) , and evidence that hands can become contaminated through activities involving routine contact with objects within the patient environment (Tenorio et al, 2001 ) the authors feel this area would benefit from attention by technology developers.
Technology feedback data at Moments 1, 4 and 5 Technologies able to detect hand hygiene at Moments 1 and 4 (n=14), and perceived to have potential for Moment 5 (n=3), were all able to monitor, measure and provide feedback. This allows healthcare professionals to collect data about performance, and provides the opportunity for real-time reminders to be given for individuals to perform hand hygiene as required.
Systems with the ability to provide individual data about specific moments of patient care allow analysis of areas of strengths and weaknesses. Measuring performance based upon recognisable standards can provide meaningful feedback, thereby allowing a continuous improvement approach. Interventions can then be targeted at specific WHO Moments with lower hand hygiene compliance.
A combination approach to hand hygiene measurement: technology and direct observation Currently the WHO recommend direct observation as the gold standard for hand hygiene measurement. However, this method is open to limitation, including labour intensiveness, observational bias and sample size (Haas and Larson, 2007; Gould et al, 2007) .
An advantage of technologies such as infrared and radio-frequency (Boyce, 2011, Table 3 , p. 1022, provides useful summary) is their ability to monitor 'behind the curtain'. This could negate an often cited problem of direct observation whereby opportunities to observe healthcare professional behaviour are missed/interrupted by patient care taking place out of sight of the observer (van de Mortel and Murgo, 2006) . Sensory technology, once passed by hospital regulators, is without such restraints. Therefore data can continue to be collected undisturbed. Cheng et al (2011) suggest that technology may significantly reduce observation effects, with their comparison of electronic and manual surveillance demonstrating measured compliance levels 2.8 times higher for manual observation sessions than for electronic surveillance only sessions.
Once confident in the ability of technologies to capture WHO Moments 1, 4 and 5, resources could be reassigned to observe Moments 2 and 3. These two Moments appear to have a link to a higher automatic recourse to hand hygiene (Dawson, 2013) and the 24/7 level of monitoring and immediate feedback provided by technological systems may not be as useful as for Moments 1, 4 and 5, which appear to require additional education and training. Boyce (2011) suggests that Moments 1, 4 and 5 alone may be responsible for approximately 80% of all hand hygiene opportunities within clinical care. Therefore allocation of electronic surveillance specifically designed to capture data from these areas may represent a significant benefit to those aiming to improve hand hygiene overall.
Although no reviewed technologies proved FFP for all 5 WHO Moments, this does not necessarily infer that electronic monitoring does not have a place. With the acknowledged limitations of the observational method, technology may offer accurate, relevant data for healthcare professionals to improve their hand hygiene compliance. Considering this, the authors suggest technology be seen as an aid to hand hygiene measurement, rather than manual and technological measurement being seen as mutually exclusive methods.
Recommendations for developing technology: a systems approach
In order to ensure that the FFO of such technologies is increased, HF could play a fundamental role in their development. By using an HF systems approach, suitable solutions may be formed, developed and subsequently tested. Wilson (2014) cites Rouse (2010) to suggest that elements of systems approaches within the HF domain are concerned with understanding, designing and supporting human roles and performance in complex systems. Hand hygiene is a complex behaviour influenced by innate behaviour, job tasks and pressures, and the physical environment. Use of conceptual models may help frame problem-solution thinking more clearly to accommodate these factors. The Human-Tech Ladder (Vicente, 2006) , is one such conceptual road map. This provides a means to:
'Develop a good understanding of the principles that govern human behaviour [and] Adopt a context-specific, problem driven approach' (Vicente, 2006, pp. 52-3 Figure 3 . A systems way of considering technology for hand hygiene monitoring. Adapted from Vicente (2006) associated with hand hygiene compliance. This is briefly touched upon here, but facilitates problem-solution thinking that may help ensure that future technology is FFP and used in areas of most effect, here proposed as Moments 1, 4 and 5 (Figure 3) . The example of this thinking presented in Figure 3 would help to ensure technology is not only FFP from a practical 'physical' sense, but would help ensure that issues such as domain specific usage and acceptance are addressed. The latter is of particular significance in light of findings by Dawson (2014) and Ellingson et al (2011) , who reported negative perceptions from healthcare professionals on technology owing to the perceived 'Big Brother' culture. Consideration of 'Team' and 'Psychological' components may enable further research at this domain specific level, to facilitate developers' understanding of what would/not be acceptable for end-users. Importantly, the approach considers context at higher macro system levels. This could help develop technologies that operate in a flexible way within the variety of organisational and cultural structures that reside within health care. Considering these contextual factors may help ensure technologies are FFP.
Limitations
The presented paper reviews 19 technologies identified via a structured literature review. The authors acknowledge there may be alternative technologies currently in use that may have scored differently on the FFP matrix. Due to the suggested limitations surrounding technological capture of Moments 2 and 3 it is unlikely such systems would score a full FFP, i.e. be able to monitor, measure and provide feedback at all WHO 5 Moments. However the authors accept that this cannot be definitively ruled out by this review.
Conclusion
Currently the WHO are in the process of consolidating a systematic review in the area of electronic surveillance (WHO, 2013) , in collaboration with renewed focus on hand hygiene monitoring and feedback for the annual Save Lives: Clean Your Hands day held on May 5 2013. Preliminary results support the view of this paper: that automated monitoring systems appear to have potential. However the authors believe that understanding these technologies and appraising them at a systems level may help further develop this area of monitoring. With further work, Human Factors will play a role in facilitating this.
